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MANAGEVIENTUITTREKRSEL

Inel Mass spectral data ot alkyl and cyeloalkyl methyvlphosphono-
Huondates

Auteurs ERJ Wik en AL de Jony

Daatuim qule 19U

Rapporutmimet PMIE 1094-A24

DO-opdrachtanime O3 KL 42, A93 D 02

Binnen de A-opdracht “Monstername en adentsticatne van chemische strigdmiddelen™
¢AO3 KL 32 s het opnemen van spectra voor retferenticdoeleinden sinds het begin van de
opdracht een betangrgh aandachispunt gewceest. Deze spectra worden opgenomen in het
NATO SICA AEP-10 handbock i de vorm van cen atlas en dignaal in de NATO.SICA
database. De belangrhste reden voor het aandeggen van deze verzameling van spectrac s dat
daarmee een chiemisch strgdmiddel of een verwante verbinding (ontedingsprodukt. uitgangsstof
er dergelijhed soel serdennficeerd kan worden. De ervaring leert dat de adentificatiec van cen
onbehende yverbiding, zelts als deze verwantschap vertoont met bekende verbindingen. relitiet
veel tigd kost,

De opbouw van cen serzamelng referentiespectra s evencens voor de A-opdracht
“Wapenbeheersme™ (A9 D A0 van belung, De Luatste jaren vindt steeds meer de gedachie
terrein dat adequate venficatie van een verbod op chennsche wapens alleen kan plaatsvinden
door spectrometrische amabyse, biy voorkeur met de combmatie gaschromatografic-massa-
spectrometne (GO-MS) . van ter plekke genomen monsters. De ligst-1 verbindingen welke
senocmid worden in het Chemisch Wapen Verdrag zin veelal homologe reeksen. zoals de alkyl
en oy cloathy bsctly Hostontluorwdaten kvl eycloalhyl < CHO). Sommige van deze verbindingen
21n beter behend onder hun tnviale naam zoals sarin (GB). soman (GD) en cycloheaylsirin
(GEy. Zoals uit de Laatste naamgeving blijkt, wordt de naam sarin tevens als stamnaam gebruikt
voor andere homologen.

In monsters geanaly seerd tydens de inspecties door de Verenigde Naties (UNSCOM) in 1991 1n
rak, werden naast de bekende chennsche strijdmiddelen sarin en cycloheaylsarin andere sarinen
sevonden. Mede op grond van deze vondst werd bestoten van de sarin familie electronen
tonisatie (1D massaspectra te verzamelen van zoveel mogelijk verbindingen en deze op te neimen
in de databases van het TNO Prins Maurits Laboratorium (TNO-PML). Aangezien synthese van
de sarin homologen tijd- en geldrovend is, werden de stoffen in situ gemaakt door het mengen
van een alcohol met de sitgangsstof methylfostfondifluoride gevolgd door GC-MS analyse van
het reactiemengsel. De gekozen alcoholen werden beperkt tot primaire en secondaire alcoholen,
die bovendien refatief goedkoop waren. Op deze manier werden ongeveer 60 massaspectra
opgenomen. Door bestudering van de fragmentatiepatronen uit de verkregen massaspectra
werden enkele algemence regels afgeleid. Deze kunnen mogelijk dienen voor de identificatic van
die sarin homologen, waarvan geen massaspectra werden opgenomen.,

De uitgevoerde studie heeft cen grote hoeveelheid informatie opgeleverd, welke het mogelijk
maakt alkyleycloalkyi sarinen snel te kunnen identificeren indien deze zouden voorkomen in te
analyseren monsters,
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De verkregen massaspectra werden opgenomen in de NATO SICA database en tevens ter
beschikking gesteld aan de OPCW ("Organmisation for the Prohimtion of Chemical Weapons™y als
onderdeel van het Nederlandse bod, waarin toegang tot de databases met chromatografische en
spectrometrische gegevens van het TNO-PML werd toegezegd.




w

TNG-report
PML 1994-A24 Page
4
CONTENTS
MANAGEMENTUITTREKSEL 2
1 INTRODUCTION S
2 EXPERIMENTAL PART 6
RESULTS AND DISCUSSION 7
3.1 Recording of mass spectra 7
3.2 Mass spectral fragmentation 8
33 Data transfer 13
4 AUTHENTICATION 14
5 REFERENCES 15

ANNEX A ALCOHOLS USED

ANNEX B MASS SPECTRAL DATA

T e e et

[



INO report

PML 1994 A2 Page

5

i INTRODUCTION

The Schedule-1 hist of the Chemical Weapon Convention (CWC) contains homologue series of
alkyl and cycloalkyl methylphosphonofiuondates (alkyleyctoalkyl < CH0y 1. Somc of these
compounds are well-known chemical warfare (CW) agents such as sann (alkyl : sopropyl) und
soman (alkyi 0 1.2.2-tnimethylpropyD). The trivial name sarin s sometimes used as the reference
compound namie, 1.e. cyclohexyl satin instead of cyclohexyl methyiphosphonoftuoridate. Ali
compounds are commonly named G-agents.

The second Round Robin international verification exercise carried out in 1990 [2]. and also the
analysis of Iragi samples during the United Nations (UNSCOM) inspections in 1991, made it
clear that there are other G-agents than the ones incorporated in the NATO:SICA AEP-10
Handbook [3]. In the second Round Robin exercise, octyl methylphosphonofluonidate (octyi
sarin) isomers were tsed as examples of unknown G-agents. In the samples taken at Muthanna
(Irag), compounds such as secondary and n-butyl sarin were found.

In order to perform a rapid identification of these compounds, data have to be gathered of as
many homologues as possible. Ideally. this may be Jdone by preparing a large number of sarin
homologues, followed by the recording of the spectral data. As this would be a long and costly
programme, an alternative was developed. By mixing an alcohol with the precursor methylphos-
phonodifluoride in methylene chlonde. some conversion to a corresponding sarin will take place.
Mass spectra of the sarin homologues can easily be obtained after analysing this mixture by gas
chromatography-mass spectrometry (GC-MS).

In a search of the availabitity of aliphatic and cyclic alcohols, over 300 were wdentified. which
could be purchased as fine chemicals [4]. The alcohols chosen for this study were restricted to
primary and secondary alcohols as well as to relatively inexpensive ones. Tertiary alcohols react
rather slowly. Furthermore, it 1s unlikely that a G-agent will be produced for a chemical weapon
system starting from expensive alcohol.

In this report. the electron impact (E1) mass spectra of the G-agents prepared with the selected
alcohols are presented and discussed.
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FAPERIMIENTAL PARY .

Approvmately G e of medn Iphosphonoditfuonde wis dissolved in 2 mil of methylene
chtorde. Fronn s solatton, 0.2 mbwas transterred tow septum capped vial ¢4 mily and |l of an
dvobhol was adeed o esee Annexy AL purchused from Aldnich or ICNy, The solution was
alfowed to stana for at feast 20 mnutes at room temperature. Before the GC-MS wanalyvsis, the

sofutton was ddated 1O ames with methy lene chlonde,

0.5 1! of the reactton minture was ingected onto a tused sthica capillary colummn (50 m y 0.3 mm
DA 025 pmy comted with CPSUSCB or CPSIISCB iClhirompack). by means of a Cartr-Erba
an-column iector anstatled on an HP S8Y0A gas chiromatogripin. The column was directty
connected o the on source of w VGT0-2308 (Fisons Tnstruments) double focusing magnetic
“ector mass spedtrometer, Fie temperature of the mterface was 2300 70 The hebum flow rate was
around 15 mbmn, Geacradby, the following wemperature programme was used: 30 C ¢F nnn),
S0 mm 1o 280 C S pum,

Fhe tollowimg source cond tions (0 preal for EDomsation) weie chosen:

° TOMISallon enersy TOe\:

. CINESSION Caltent 200 pA:

. wmperature 00

. vicuuni D310 mbar.

Mass spectra were recorded under low resolution conditions (resolving power around 1000, 107,

valley ) using continuous scanning over the miass range mez 25-500 every second.

Both the miaes scale and the refatively intensity (RD seade were regularly checked as part of the
s spectrometer quality control programme. Mass scale calibration was performied with
perttuorokerosene (PEK)L and decafluorotripheny iphosphine (DIFTPP) was used for checking the

Ri-scale according 1o the enteria proposed by Donnelly eval [5].

Generally, mass spectra were selected at the right side of the shghly tailing GC-peaks, giving a
rather constant 1on current during the scan. The mass spectral background ions arising from air
and column bleed were removed by background subtraction. Specetra were stored in the TNO
Prins Maunits Laboratory (PN mass spectral library (PMLLIB). which resides on the
VGTE-2500 data system of the nuss spectromieter. They were also transterred to a PC according

o the procedure previous deseribed [6].
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3 RESULTS AND DISCUSSION

kB Recording of mass spectra

As an example, the result of a GO-MS anddysis of the reaction mixture obtamned ater mining n-
butanol with methylphosphonodifluoride is presented in Figure 1. The very volatile precursor
methyiphosphonodifluoride co-clutes with the solvent methylene chiloride. The conversion was
rather small as can be deduced from the ratio between the alcohol peak and that of the corres-
ponding sunn. Despite this low conversion, good quality mass spectra of the sarin homologues
could generally be obtained (see for example Figure 2). Attempts to produce sarin homologues
from tertiary alcohols as well in this way were unsuccesstul due to the very low conversion.
Muliple GC-peaks may be observed due to the presence of stereoisomers. A cood example of
such a sphitting was obtained for 1. 2-dimethylbuty! sarin. which contains three chiral centres. No
differences were noticed 1 the El mass spectra of the stereoisomers of the compounds analysed.
All alcohols used during this study are compiled in Annex AL whereas the recorded El mass
spectra of the sarin homologues are presented in Annea B (Tables |- 7). The abbreviations of the
atkyl chains are added to the tables. Mass spectra of the known CW agents sarin (1 MEU. soman
{122TMPr) and cyclohexyl sarin (C6) have been included tor comparison as wedl.

100 1 94036-1
50 -
B 2
-
0 T T T T T L T T T 1
200 300 400 500
3:31 5:15 7:00 8:45
1 : n-butanot
2 :n-butyl sarin
Figure | Resulting gas chromatogram obtained after analvsing the reaction mixture between

methyiphosphonodifluoride and n-butanol in methylene chloride
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Freure 2 Resulting mass spectrunt of n-baevi scrin (MW 174
3.2 Mass spectral fragmentation

Because methy! sarin (MW 112) cannot lose an alkenesalkeny! group. it is to be expected that its
mass spectrum (see Annex B, Table 1) is ditferent from the other wkyl sarins. A loss of formal-
dehyde from the molecular 1on leads to the base peak at vz 82 with the elementat composition
CH4OPFE. Methyl sarin 15 the only compound which produces a molecutar ion. All other
compounds analysed, even ethyl sarin, did not produce a molecular ion. Consequently, full
characterization of the sarin homologues by chemical ionization has to be carried out as well. in
case they are found in real samples. This can either be carried out under positive ion conditions
leading to protonated molecular tons (M + H]* ) or under negative ion conditions resulting in a
loss of a proton ([M - H}").

Fragmentation of the sarin homologues is rather straightforward and has been described
previously for sarin and soman [7. 8]. All compounds analysed in this study give rise to the
phosphorus-containing 10n at m z 99 (CHs0;,PF). which is either the base peak or relatively
abundant. This 1on results from the loss of an alkenyl/cycloalkenyl group from the molecular ion
and is very characteristic of mass spectra of sarin homologues. In addition to that particular ion.
the mass spectra consist of fraginciis due to the alkyl/cycloalkyl moiety as well as of other
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phaspharus-cortaming fragments. Unfortunately. as the number of C-atomms m the alky] evclo
alkv motety exceeds six, several of these fragments have the same nominal mass (Table 1), The
difference between the exact masses of both fragmicats s greater than 70 maw and may gune
casily be measured using a higher resolving power (2 5000, 109 vallevy of the mass
spectrometer. Even under the low resolution conditions used, splitting of the muss fragments 1
normually observed. However, as acommon practice i mass spectrometry. the fragments with the
same nonnnal masses have been summed in the fow resolution mass spectra (see Annex By,

lihic ! ATyl eveloalkyl and phosphoras-contaming fragments swith the same noreenad meas s
Nonunal mass Exact mass Blemental compasition
m 7 81 X0.9900 CHROPE
m /2 N8| S1.0704 Coblg
m s 82 NTOUNS CH4OPE
m s 82 K2.0782 (.("l{}(y
ms 9y 79532 CHLO P
m 7z Us 9X. 1096 C-Hyy
m s 9o Qg 001 | CH<OPH
m vy SRR CoHys
mo 001 CaHsOPE
ms 1l NI Clys
mz 112 F12.00K89 CHHpOPE
mz 2 1121252 CsHya
m 2z 125 1 25.0168 CiH70,P
mzizs 1251330 CyHy 7
m'z 126 126.0246 C3HzO-PY
m'z2126 126.1409 CoHyg
miz 139 139.0324 C4HyOoPF
miz {39 1391487 CioH |y

w7 140 140.0402 Cy4H40-PF
cmiz 140 1401565 CinH>o

The mass spectra of the lower members of the sarin homologues are the most informative for
considering the fragmentation processes. When the alkyl and cycloalkyl chains become longer.
the mass spectra tend to correspond more and more to those of the corresponding alkenes/cyclo-
alkenes. This is itlustrated in Figure 3, where the mass spectra of 4-t-butylcyclohexyl sarin and




4t butvicvclohesene we presented  Apart from m s 99 cCHcO PRy both spectna are vers

NIRRT

100 -

100

0] 40 80 120

Figure 3 Muass spectra of 4-1-butylevciohexyl sarin {1op) and 4-t-butvleyelohexene (botton, waken
from the NISTIEPAIMSDC database [9])
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A an example of the fragmentation of a highly branched alkyl sarin. the mass spectrum of
2.2-dimethylpropyl sarin (MW 168), prepared from methylphosphonic difluoride and 2.2-di-
methylpropanel (neopentyl alcohol), is presented in Figure 4. Due 1o the three methyl groups
substitured at the C-2 position, 1sobutene is lost from the molecular 1on resulting in m/z 112 as
the base peck. The relative intensity of the characteristic phosphorus-containing ion at m/z
99 (CHsO>PEy is fess than 40%. Searching for this spectrum against the NATO/SICA database
did not lead to a match with a G-agem. This is a good example of the starting point ©f this study,
demonstrating that data on the various sarin homologues are needed in order to perform a rapid

identitication,
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Figure 4 Mass spectrum of 2.2-dimethylpropyl sarin (MW 168)

33 Data transfer

Al recorded mass spectra were taken up in the TNO-PML mass spectral library as well as in the
NATOSICA database. In order to transfer the data of the sarin homologues to other NATO
nations. the recorded mass spectra were converted to a PC in the ASCII format used by the
NIST'EPA'MSDC database [9]. An example of such a format is presented in Table 3. Each mass
spectrum is accompanied by the following general compound information: systematic and trivial
name(s), CAS registry number (if available). Wiswesser line notation, elemental composition and
molecular weight. Furthermore. the source of the mass spectrum as well as the most important
recording conditions were noted. The spectra and this general information may be added to the
NIST/EPA/MSDC database under “user spectra”™, allowing a fast search of the data.

The mass spectra of the sarin homologues were also transferred to the Organisation for the
Prohibition of Chemical Weapons (OPCW) as part of the Netherlands bid to give access to the
TNO-PML chromatographic and spectrometric databases. The data may be used for the creation
of the OPCW analytical database [10).
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ANNEX A ALCOHOLS USED

Aliphatic alcohols

CH3OH

C>HsOH
C3H70H
C4HoOH

CsH{OH

CeHy30H

C7HsOH

CgH|70H

CoH | gOH

CoH2OH

Methanol

Ethanol

Propanol-1

Butanol-1

Butinol-2 (sec butunol)
2 Methyipropanol-1 (1sobutanol)
Pentanol-1

Pentanol-2

Pentanol-3
2-Methylbutanol-1
3-Methylbutanol-1
3-Methylbutanol-2
2.2-Dimethylpropanol-1 (ncopentyvl alcohol)
Hexanol-1

Heaanol-2

Hexanol-3
2-Methylpentanol-|
3-Methylpentanol-1
4-Methylpentanol-1
3-Methylpentanol-2
4-Methylpentanol-2
2-Methylpentanol-3
2-Ethylbutanol-{
3.3-Dimethylbutanol-|
Heptanol-|

Heptanol-2

Heptanol-3
5-Methylhexanol-2
2-Methyihexanol-3
2.3-Dimethylpentanol-1
2.2-Dimethylpentanol-3
2.4-Dimethylpentanol-3
Octanol-1

Octanol-2

Octanol-3
6-Methytheptanol-2
2.2-Dimethylhexanol- |
2-Ethylhexanol-1
2,4.4-Trimethylpentanol-1
Nonanol-1

Nonanol-2
2,6-Dimethylheptanol-4
3.5,5-Trimethylhexanol-1
Decanol-1

Decanol-2

Decanol-4
3.7-Dimethyloctanol-1
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Cyclic alcohols

CsHyOH
C7H:OH

CxHysOH

CyH70H
CioH00OH

F—

Cyclopentano!
Cycloheptanol
Cyclohexylmethanol
2-Methyleyclohexanol
3-Methyleyclohexanol
4-Methyleyelohexanol
Cyclooctanol
2-(Cyclohexy hethanol- |
2-Ethyleyclohexanol
4-Ethylcyelohexanol
2.2-Dimethyleyclohexanol
2.6-Dimethyleyelohexanol
3. 5-Dimethyleyvelohexanol

3-(Cyclohexyhpropanol-1

2-fsopropyl-S-methyleyclohexanol (menthyl alcohol)

4-t-Butyleyclohexanol

ANNEX A
Page
A2
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ANNEX B

Tuble |

Adkyl
W
mlz

26
hied
!

29

20

hon o ' th
N ode e B —

03

MASS SPECTRAL DATA

Mass specoradd data omg 2, relative intensity) of atkvl-methviphosphonofluoridates

Me

b2

0.7

0.6
11
(1.9
1.9
0.5

0.8
25
4.9
7.2

0.6

0.6
0.7
0.6
8.9

1.2
5.1
4.4

Pr

140

1.5
7.3
4.7
0.6
5.2

0.8
1.5
8.2
2.4
13.5
i2

Al

RN

3.6
1.2

IMEt

140

v o~ -
o=

VI

AN N S e R L
Fol (S EENCEEE SN S

~
‘~
<

2.8
1.6

Bu

154

22
PR
bR
0.8

1.4
1.3
0.6
2.4
2.4
7.2
21.7
2.9

2.6
I

IMPr 2MPr  Pe

129

381
[.6
29
0.8
2.7

2.2
0.9
0.9
2.8
1.6
8.8
229
59

1.2
0.8

1.6
8.7
9.7
14
0.9

17
RIN

38.2
34
7.8

1.4
8.6
25.4
3.6

2.2
0.9

168

08
6.6
12.7
5.7
33

0.6

2.6
0.8
19.3

0.6

3.6
2.1
33

10.2
0.8

1.7
0.6

IMBu

168

1.9
12.4
13.1

0.6
0.7
1.4
15
3.2
19.2
209
12.7

(2]

0.8

0.7
4.4
1.4
405
1.7

0.6

0.7
2.2
1.3
1.5
20
29

1.9
0.7

2MBu

168

[S N S R )

7.1
RIS
57
20.6
8.1

1.8

0.8
1.1
0.6

1.9
47.4

36
10

0.6

6.5
0.7
34
59.4
53

28
1.2

ANMEX B
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3IMBu

16X

6.3

0.7

8.9
21
139

9.8

7.7
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Tuble !

Alkyl
MW

m/z
81
32
83
()2
Y7
9%
()(.)
10O
i
112
113
124
125
126
139

152

Me

Et

Pr
IMEt
Bu
IMPr
2MPr
Pe
IMBu
2MBu
3MBu

(continued)

. I-methylpropyl
: 2-methylpropy!
- pentyl

. |-methylbutyl
: 2-methylbutyl
: 3-methylbutyl

Me Et Pr IMEt
112 126 140 140
223 49.4 R 114
10 243 (3.3 1.4
33 6.3 2.7 0.5
0.9
10.3
6.1 2.5 27
100 OO 100
1.7 1.3 1.6
26 36l 225
5.2 0.6 1.7
1.2
5.2 4.9 36.4
1.7
- 0.7
: methyl
- ethyl
- propyl
: 1-methylethyl (isopropyl
- butyl

Bu

154

18
13.6
1.4

iMPr

8.6

0.6

1.6
100
1.3

I
S0.8
1.6
5.8

IMPr

1.3
100
1.1
2.4
77.9
3.8

Pe

168

1.1
100

1.4

2.0

2.6

o

1B
~

IMBu

168

1.6
100

2MBu

168

211
6)

2.0

1.9
100
i.4
1.9
94.6
5.4

4.3

ANNEX B

Page
B.2

3IMBu

[6K8

"J| [0

“ to

1.8
100

1.7

29

9.8
56
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luble 2

Alkyl

MW

m/z
26
27
29

30

166
67
68
169
170
71
78
79
80
81
182

Masys spectral duata (mz, relative intensiry of atkyvl-methviphosphonofluoridares

TEPr
[o&

0.9
6.8
7.4

6.4
1.1
19.5
7.4

0.7

1.5
0.9
14.6
0.9

12 22
DMPr DMPr
168 16%
1.9 1.5
16.4 8.4
131 15.4
1.5
.4
0.8
2.1 1.6
19.7 15.9
2.8 33
26.2 1532
13.9 7.5
26.2 4.1
1.5 1.2
6.8
6.6 2
1.6 1.6
2.2 2.2
0.9 1
6.6 6.6
2.1 1.9
61.4 65.2
35 49
254
- 1
0.8 0.6
2.1 0.6
6.6 6.2
0.9 2.8
4.3 22
56.3 15
12.1 22
1.3 -
2.8 0.9
32 0.6
16.6 8

He

182

sS4
6.4

0.7
[RI

0.6

1.6

0.7

1.9

3

IMPe

182

2.6

5.3
13.8
9.4
SR

0.7

2MPe

0.6
1Y
P

(1.6

12.7

2.6
314
158
299

1.8

0.7

28

1.9
22.4
34.1

2.2

29
0.8
312

IMPe

182

1.7
8.3
257

0.9
b

0.7
16.5
3.2
37.%
12.2
15.4

Vi
-

0.5
1.4
0.7
6.9

39.8
323
7.5

0.8

7.4

1.4
47

5.2

2.5
1.6
16.6

6.9

4MPe

182

~
a

[
‘A

4.1

1580
5.5

10

44
17
1.1

1.6
0.6
17.3
0.9

7.1
1.9

1:Bu

182

7l
e ~d

-

5.2
0.8
4,2
6.2

6.8

1.5

1.5
17.8

2EBu

182

6.3
7.7

7.9
199
4.6

1.9

0.7

2.8
2.6
27.2
16.4
0.9

36

356

ANNEX B
Page
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| b}

DMBu

182

0.8
11.5
16

0.9
1.6

1.8
X7

17

0.7
1.6
0.6
4.8
2.1
20.5
14.1

7.4

0.6

4.7

505
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Tuble 2 tcontinued)
Alkyl tEPr 12 22 He (MPe  2MPe
DMPr DMP1
MW 168 168 168 182 162 182
m/z
X3 0.6 8.7 1 0.7 {4
sS4 - - - 23 9.9 26.9
85 - - - - 1.8 2.6
98 - 107 0.7 0.9 1.6 09
99 100 100 38100 100 100
100 1 1.6 - | 1.3 13
101 0.6
(RE - 1 0.6 1.2 1.2
H2 100 i1 7609
113 - 5.4 26
i24 7.5 - - §.7
{25 79.1 - } 444
120 459 - - 2
127 4.6
138 1.9
139 39.4 0.9 - 1.1
140 1.7
153 4.2 9.4 - -
154 - . - . . ;
67 - R .
JEPr : 1-ethylpropyl
12DMPr  : 1,2-dimethylpropyl
22DMPr  : 2.2-dimethylpropyl
He : hexyl
1 MPe : l-methylpentyl
2MPe : 2-methylpentyl
3IMPe . 3-methylpentyl
4MPe : 4-methylpentyl
1EBu : 1-ethylbutyl
2EBu : 2-ethylbutyl
12DMBu  : |,2-dimethylbutyl

AMPe

R
4.6

AMbe

T

4.7
(.7

ANNEX B
Page
B
1EBu 2EBu i2
DMBu
182 182 IN2
'l IR
1 A
i &
[
L] AN tewt
=
~ 16
A
P
16 428
745
4.5
1.2
I8.8
0.9
153 2.3
1.1 -
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Tuble 3 Muss spectral data (me 2. relative imensity ) of alkyl-methylphosphonofluoridates
Alkyl R 33 JE2MPr 122 Hp  IMHx 1EPe 14 23 IMEBu
DMBu  DMBu TMPr DMPe  DMPe
MW 182 182 182 182 196 196 196 196 196 196
miz
26 : - 1 : 1.3 0.8 34 28 » i
27 6.6 2.7 9.5 48 109 6 224 30 23164
29 42 1 7.6 77 147 72 222 264 1 12.6
20 - - 0.6
RE] - - 0.6 B 0.7 - (1.6 | 2.4
37 ; . : . . : 0.8 1.2
3R i.2 | - - 1.2 1.6 2 . 1
29 7.3 39 118 8.3 101 9.4 243 2K 53 155
10 1.5 1 1.7 i.6 3 1.8 5.2 5.8 i b
1 243 209 356 9 268 232 560 543 203 349
12 5.8 1 1.7 27 15.3 7.3 16.3 DR 2.6 39
12 154 3 12.7 76 11 72 14 444 8.1 {15
45 0.8 - - 1.9 0.6 0.9 1.2
17 2 I 1.6 1.8 27 1.6 2.2 3 3 3
48 0.8
50 . . 0.8 : : 0.9 1.9 1.9 1. 1.3
51 0.7 - 1 0.7 0.9 1.3 29 3.1 0.6 1.6
52 - - 0.6 - 0.6 0.7 1.7 1.4 09 0.7
53 .9 1.8 33 35 4.1 39 8.1 7.8 2.9 53
54 0.6 - 1.8 0.8 5.7 1.7 9.5 7.9 - 13
35 5.4 350 344 62 234 299 s11 519 20 475
56 5 39 9.8 22 23 359 395 739 101 283
57 22 141 1.9 162 9 87 131 278 ; 10.6
-58 - 0.6 - 0.8 N - 0.8 1.3 - -
.59 - - 35 - . - - - - -
63 . - - - . ) 1 0.6 1 -
65 - , 0.7 0.7 0.7 0.8 1.7 1.1 0.7 -
66 . ) ; - . . ] 0.7 2.2 17
67 2.7 22 42 26 55 29 6.1 5.7 42 52 |
68 08 09 1 09 43 23 39 2 . 23
69 §22 419 361 481 145 243 39 307 432 396 |
170 27 27 2 28 153 146 184 176 184 66 |
171 i 0.6 . : 6 09 12 1.2 - 14
77 - - - - ; 0.7 1.4 1 - 09 |
; 78 - - - 1.1 . 0.6 0.7 - 3.1 ]
179 1.3 0.6 1 1 2 2.2 2.2 2 1.2 2.2
{xu 0.6 . - - 1 1.4 1.2 1.2 8.8 3.4
‘1 81 6.7 5.6 6.3 7 11.7 7.2 7.2 9.7 11.1 10.3
182 4.4 1.1 6.5  38. 4.5 2.8 2.1 3 7.1 2.7
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[uble 3 tcontnucd)

Alkvl I3 RR FE2MPr 122 Hp IMHNY 1EPe I 21 IMEBuU
DMBu - DMBu TMPr DAPE DMPe

i 182 bs2 Ix2 182 196 196 196 196 1096 196

miz
N3 N : 29 vy 7 h 7 218 d23 114
N 119 - - - [ .9
b SN2 - 6.4 7.4 - - - RIR
U . . . . 0.6 0.7 27 1.6 16
97 ) } : 0.8 0.8 1.1 1N 1.1 I
ON 1.9 b 4.0 7.8 34 283 14.9 413 339
9 100 XY 100 782 100 100 10X 100 100 OO
100 1.2 [. N .7 3
101 i
111 - . : 2.
112 - | |
13 - - . (
124 i
125 41, 7 1 33 1.4 444 1.5 181 0.6 I8.4
126 . 28.6 - 100 - 3 - i 11
127 - i - 38
3% . - 8 - - - 1.1
139 0.8 - 379 i1 - 0.3 - 3
140 - - M3
141 - - 0.8
152 - . 0.8 - -
153 - - 9.9 - - 0.7 - 2.2 - 549
154 - - 0.7 - - - - - - 9.
155 - - - - - - - - - |
167 1.1 - - - - - 9.5
168 - - - - - - 0.6 - - -

h 3 .

o

5
|
to

1

- — tu
J

0.8

e

noto

Y
()
[B%]

N

13DMBu 1 3-dimethylbutyl

33DMBu  : 3,3-dimethylbutyl

1E2MPr  : l-ethyl-2-methylpropyl
122TMPr  : 1,2.2-trimethylpropy! (pinacolyl)

Hp - heptyl
1 MHx : 1-methylhexyl
1EPe : 1-ethylpentyl

14DMPe  : 1,4-dimethylpentyl
23DMPe  : 2 3-dimethylpentyl
IMEBu : 1-(1-methylethyl)butyli
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B
fahic 4 Viass spectral data vm = orelarve itensiy s of abhslomcdhiviphosphonotlueridaies
Alkvt 122 [N O¢ INHp T HN 2B HN 15D 20 244
DMPr MPy My M N
MW ba6 196 210 210 210 210 210 20 2o
milz
2o | u.7 1.3 [ 19 | 2 06
27 [ 13 hR{) 6.5 15.2 147 13 92 AL
Y 267 13 I1.6 12.6 208 236 I [ LS
U | N - 1.3 1.1 0.6
M } 2.2 6.8 1.7 | i 22 0N
AN 1.3 0.8 08 .4 2 0 1.2 (1.6
39 294 16,1 103 P14 197 159 14 IR RN
40 52 v 22 34 34 27 Y Y 22
4 B 277 232 R 57 S0 RRR A0S A7)
42 7N 39 R 158 249 1537 144 ha AT
43 IS 225 145 123 13.2 16.4 232 a2 |2
15 0.6 1 1.5 1.1
47 0.3 13 16 1.7 1.2 127 A2 7 24
a8 | 0.7 1 2.6 07
30 1 0.7 0.8 | 0.9 27 1.7
A 2.9 1.5 1.4 14 2.2 1.y 1.3 3 1.1
52 .1 1.7 0.8 1.1 1.3 4.3 0.7 1.7
hR 10.6 6.9 1.6 5.3 8.7 0.9 6.6 7.5 56
sS4 R 4.8 6.5 5.2 8.2 3.9 4.3 2.3 [
hh 69.2 104 RATh S4.2 6Y 63.1 418 SR 12,5
56 143 27. 20.6 383 45.2 26.6 48.8 217 25.6
57 0.8 17.% 7.8 135 17.5 228 28.3 27.9 33)
58 0. 0.7 - 1.2 0.6 0.8 1.9 .3 4
59 - - - - 0.7 1.8
63 1.4 0.7 - .4 0.0 3.3 - [
64 - - - - 1.5
05 1.6 2.1 1.3 1.8 1.8 RN I 25 0.8
66 29 2.2 1.1 2.4 1.1 4.8 28
67 13.6 8.6 8.7 9.9 10.5 18.1 6.6 127 4.2
168 2.1 2.7 6.8 4.3 6.8 6.3 6.8 5.1 i
ib‘) 65.5 5.5 16.7 26.2 35 20.7 356 21.1 15.2
70 254 5.4 20 45.7 49.5 74.4 3.8 22.2 16.1
71 - 1.9 3.6 5.6 6.5 9 7.5 3 29
177 I 0.7 1.9 1.3 1.7 1.6 0.8 4.3 08 |
78 28 2 09 34 : 96 1 26 o
79 21 24 30 19 17 28 2 25 1|
80 8.4 4.2 1S 8.8 15 26 3 8 0.8 }

81 1.2 1.9 8.7 6.3 10.3 20 11.4 13.6 12
182 19.9 7.4 4.3 36 5.8 28.2 3 12.8 S j
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{ O I
gis BUSINY
G4 RRY]
{ 2
IO AN
DRI !
[ 2
120
0.6
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2 0.8
0.6 0.6
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lable 3 Mass spectral dara (m 2. relative mtensitv of alkyl methviphosphonofluoridaies
Atkyl No IMOC 335TMHY 2MPraMBu De IMNo  37DMOc¢ 1PrHp
MW 224 224 224 224 238 238 228 238
mi:
26 | { (1.6 (1.6 i1 t ! .
27 4 () | 7.7 104 13 b4 10.4
29 142 17.6 ted 15.3 17 0.8 17 243
30 - 0.6 0.6 : - : 0.6
31 - 1.3 (.6 - 0.6 1.2 0.8 1.4
9 8.3 [ 101 9 9.4 131 Ll 155
40 22 2 2.6 2.6 2.4 3 32 }
4t 243 30 29.4 26.% )7 371 5.6 9.1
12 3 183 12.2 1.4 144 19.8 13 232
43 X3 25 127 1.0 2.6 347 I 32.0
47 1.6 2.7 2 17 1.7 2.7 2.2 RN
S I 0.9 0.9 0.7 0.9 0.8 1
53 37 356 5.3 3.3 4.4 6.1 6.9 1.2
AR} 6 6.5 27 2.9 7.6 9.2 7 1.2
33 23 359 282 27.7 169 44.0 16.7 68.2
S0 21 2094 9.8 9.5 225 R 410 42.4
57 N7 11.6 39 37.2 12.7 20.2 241 16.7
R 0.7 16 3.2 0.7 0.9 1.6 0.0
63 0.9 0.8 0.8 0.8 0.6 1 0.8
66 1.1 : - 1.1 1.6 1.2 2.2
67 6.1 7.4 ) 52 8.4 N 9.6 131
o8 5.2 5.2 26 26 7 8.1 7.3 7.3
69 14.8 22 339 2K.1 18.7 333 39 40.8
70 146 2.6 3.8 26.8 18.4 329 S8.4 37.3
71 +4.3 8.5 8.8 8 4.7 8.2 15.8 8.8
77 - 0.6 0.6 0.7 0.7 09 0.3 1.3
7 : 1 . - - 1.2 - 1.4
79 0.8 1.2 0.8 | 1.3 1.1 1.2 !
80 0.6 29 09 0.8 1.1 3 1.5 34
81 8.9 8.7 9.5 89 9.7 10.6 14.2 9.5
82 5.4 8.8 34 2.1 6.9 8.1 6.5 6
83 9.5 16.9 139 14.5 13.2 22.2 20.2 22.6
R 8.1 16.7 7 5.3 9.9 18.5 17 207
&5 1.9 4.5 0.7 - 2.7 6 5 6
45 0.6 0.7 2.2 23 1. ] 2.7 1.2 1
196 1.1 22 - - 1.8 38 3.8 37|
‘l‘)7 7.2 14.8 ! 1.2 8.4 18.3 12.7 30.7 {
;98 8 13.7 4.7 5.4 7.2 19.1 7.6 19.1
199 100 100 100 100 100 100 100 100 ‘
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Fahic S tcontinied)
Alky{ No IMOC  353TMHN 2MPriMBu De IMNo 37DMO 1PrHp
MW 224 RRS: 14 224 238 REN 238 RRH
m/z
100 R A Y 28 RN 2.3 28 2
101 | 0.9 09 0.9 I 0.7 09 0.6
Tow - - . 07 - - 0.7
110 - - - - 0.6 1.2 0.6 1.2
111 L8 2.2 218 2001 6.5 12.1 137 1Y
12 0.7 - 5.6 29 S.2 7.4 9.6 6.8
K - - - - - - 0Y
124 - 0.7
125 0.8 15.5 1.1 1.7 0.7 13.2 6.5 2.2
126 33 149 4.9 5.7 - 1.1 i1
127 - 1.9
140 - - 0.7 - R 17.2 b 232
141 - - : . 2.2 [.2 2.6
{32 - - - - 0.6
[33 - 0.6 - - - - 1.1 134
(RS - - - - - : 0.9
167 - 0.7
168 - - 9.6 9.1
169 - . 0.9 i
No - nony!
1MOc¢ : 1-methyloctyl

355TMHx : 3 5.5-trimethythexyl
2MPrAMBu  : 1-(2-methylpropyl)-3-methylbutyl

De > decyl
IMNo . t-methylinonyl
37DMOc : 3,7-dimethyloctyl

IPrHp . 1-propylhepty!
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Tuble 6

Alkyl
uw

mlz
26
s

29

638
69
170

T7
78

79

80

(G

{66

21
10.4
bt
16
11
RN
231
9.9
237
X3
2.6
4.7
0.7
1.9
1.9

1.4
KN
.o

rh

r = =)

6.2
19.6
37
111

0.6

1.8
2.8
37
10.6
7.1
39
19.7
1.7

o

180

v oe

7.6

1.6

0.8

0.5
33
19.1
6.9
0.6

0.6

0.6
0.7
332
1.8

25
0.6
9.7
11.3
2.9

C6M

194

1.7
15
16

I8N

147
337
18.9

11.2

58.2

39
5.3

6.4
1.3
7.5
5.4
100
35.1

IMC6

194

1.4
17.2

16

17.8

26.4

40
39
2.8

15
48.7
40.6

5.1

0.6

6.6

1.5

5.7

7.2

100
10.7
6

28

194

I.1
147

n o
I~

I’

(U R,
to

15.7
299
37.2

3.7

1.1
4.7
5.5
KIN
31.7
49

194

54
6.1
1.4

et A I I S
B Al

0.6

1.4
7.5
228
209
I8
2.1
0.6
2.7
s
18.8
15.4

IMCe  4MC6 7

194

1.3
119
12.1

R

13.7
379
323

33

1.3
5.2
9.4
49.7
37
4.3
0.6
4.7
28
9.7
3.8
53.6
7.6
9.2

22

() —
R RV R VI NV

ol

208

1.2
IS8
17.6

0.8

0.6
243
4.7
48.2
S5
1.6

=3

= SIRICIEIVERIN

'
=)

™~

0.7
4.3
6.5
71.1
256
15.6
0.9
4.4
1.4
10.3
9.1
90.9
65.6
9

2.3

ke

208

7.7
8.2

9v.7
IR
19.4

to e
-

L9
7.1
8.3
10.3
1.7

1.4

314
12.3
11.3

0.%

100
22.2

ANNE X 8
Page
B 12

Muss spectral data (m. 2, relative intensityy of evcloalhyl methviphosphonotluoridates

JHC6

208

7.7
5.4

14
R

t

[P DV

1.7
0.7
7.8

244
12.%

[.8

0.9
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luble 6

Alkyl
MW

m/:
92
DR
g4
93
96
Q7
vy
yu
100
101
108
109
1o
111
12
113
123
124
125
126
137
[3¥

151

Cs

Cé6
CcoM
2MC6
IMC6
4MC6
Cc7
C6Et
2EC6
4E1C6

teontinued)

3 6 CoM
166 180 194
- (0.8
24
23
(IR
48.3
QY
8.5 1.1 1.6
100 100 724
28 | 2
0.9 0.7
0.8
1.7
99
2.2
0.7 -
7__1
7.4 0.8
11.1 2.6
3
: cyclopentyl
: cyclohexyl
: cyclohexylmethyl

: 2-methyleyclohexyl
: 3-methylcyclohexyl
: 4-methylcyclohexyl
: cycloheptyl

: 2-(cyclohexyl)ethyl
. 2-ethylcyclohexyl

. 4-cthyleyclohexyl

2MCe6

194

1.4
1.8
SK.3
141

8.3
73

6.9

35
0.8
0.6

IMC6

194

1.7
1.8
13.3
41.1
11.1
8.7
100
2.4
(.4

0.6
33

IMC6

194

7

194

0.8
7.6
24.8
7.7
12.3
100
2.6
0.X

—_ v >
t

6kt

208

()
t

1K}
21

0.7
0.9

341
6.9

AaCe

208

12.9

[
‘N

40.3

0.7
1.6
3K.3
6.1

ANNEX 8
Page
B13

o

20%

10
0.7

24
L0

0.6

I R

1

0.8

0.6




TNO- 1eport

ANNEX B

PML 1994-A24 Page

B14

Table = Muss spectral data (m 2. relative intensitvi of eveloatkyl methviphosphonofluoridares

Alkyl 22DMC6  26DMC6  3SDMC6 & CoPr  2iPrSMC6  HBuC6H

MW 208 208 208 208 222 236 236

m/z

26 - - - 1.1 0.7 - 0.9

27 8.6 9.1 7.4 K 3 7 x.1

29 8.1 89 8.3 t1.6 3 6.5 132

3 2.3 08 4.8 5 - 0.6 0.6

RA 0.9 0.6 - 0.9 - - 1.1

39 20.5 15.8 13.9 28.2 6.9 9.4 15.8

10 4.3 33 31 49 1.4 19 3

4 328 26.3 245 49.1 16.2 239 431

2 3% 2l 2% 6.1 2.6 25 3
3 6.9 29 33 41 1.4 8.5 6.2

47 5.2 23 7.2 8.1 1.2 1.2 1.2

T 0.7 . 1.6 18

S0 .4 1.6 1.5 1.8 0.6 - 1Y

s 18 26 2.7 4.1 1.6 21 1.6

s2 2.7 15 1.9 49 i 18 33

s3 15.9 10.2 9.3 15.7 5.6 8.6 10.6

54 1.4 8.5 37 65.9 9.2 438 9.6

55 26.5 25 23.4 28.2 239 225 2.9

56 7.9 3.6 3.2 8.2 1.4 3 10.8

57 1.2 2 1 2.4 0.8 4.7 100

58 - - 4.7

63 1% 0.7 1.8 23 0.6 - N

64 - 0.6 0.7 - - -

65 7.6 3.6 4 5.6 2.4 34 41
166 17.5 26 4.5 10.7 3 i.7 RS
67 77 34 31.9 98.2 327 32.4 405 )
68 40.9 25.5 2.1 417 126 12.4 39 |
169 39.1 12.9 19.9 27.7 4.1 9.2 154

70 2.1 0.7 11 1.5 - 1.5 36
71 0.5 0.5 0.9 0.5 . : R

77 P18 5.1 6.2 6.6 4.4 5.9 16 |

78 2.7 0.6 5.7 7.3 2.1 1.8 9.7 |
79 9.6 23 25 3.0 P 9.6 24 l
|80 12,6 4 15.4 24.7 5.8 7 36.7
81 60.3 33.3 28.2 80.5 58.2 678 38.2
|82 86.1 26.1 15.1 90.6 36.4 25.6 323
!Ix.z 19 46 2411 339 19.1 10.4 9.1
|84 - . - - ! 0.8 3.8
191 9 3.7 6.2 2. 49 5 7.6
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Tuble 7 teontinued)
Alkyl 2IDMC6 26DMC6 3SDMC6 Cy CoPr 2PrSMC6  #BuC6
MW 208 208 208 208 RN 236 236
miz
92 L 0.6 0.9 0.4 12 1.2 1.5
03 113 39 6.2 2 6 6.4 4.1
94 24 1l 1.2 ~ 3 104 2.2
95 100 100 FO0 34.6 5.4 100 1.2
96 ey 12,6 10.7 2.4 49.1 215 5.4
97 : : : 0.5 33 2.7 1.6
9y 14.3 3.2 28 349 22 R R)
uY 61.4 RN 62 1060 100 26 56.2
100 : 0.5 1 1.7 1.4 : 0.7
102 - - 0.5 - - - 0.8
103 0.6 : 0.9 . 1 1 2.3
107 0.8 - 0.7 (.5 22 1.4 2
108 2 0.7 1.7 |
109 6.4 33 79 25 34 8.1 1.6
110 648 38.3 44.4 S1.S : 25 2
111 14.5 6.6 6.3 9 2.8
112 0.9 - - 0.5
1s . : 0.6 . 0.9 . 0.6
17 : . : . 1.3 . 0.6
18 . : - : [ - -
19 . : 1.5 : - 0.8 5.
120 : - . - 1 . 0.7
121 . : . : - 1.6 34
122 : - . : 35 . 0.7
123 : - . - 1.3 39.7 208
124 0.5 - : 0.8 17.1 3.8 22
1125 9.7 . 19 9.9 (.7 1.3 -
127 : : . 0.7 . . .
134 : : . . . - 1.8
136 . - - - - 11 26
137 26 : : 6.9 : 1.2 0.7
1138 038 0.9 . 2.1 - 44 186 |
1139 : 0.5 - 0.5 0.6 5.4 19
sl

0.8 0.7 1.2 - -
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22DMCo
26DMC6
ASDMC6
Cs

CoPr
2iPrAMC6
HBuCo6

: 2,2-dimethyleyclohexyl

1 2,6-dimethylcyclohexyl

: 3.5-dimethylcyclohexyl

s cyclooctyl

: 3-(cyclohexylpropyl

: 2-isopropyl-3-methylcycloheayl (menthyl)
: 4-t-butylcyclohexyl
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